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One Cycle per Sec¬ 
ond FROM THE In¬ 
verse Feedback 
Oscillator.6 


A BROADCAST FREQUENCY 
MONITOR FOR THE 20- 
CYCLE RULE 

• ACCORDING TO RULE 3.59* of 

the Federal Coininunieations Commission, 
on and after January I, 1940. llie frequency 
of each new broadcast station, and of each 
existing station where a new transmitter is 
installed, must I»e maintained within 20 
cycles of the assigned frequency. After January 1, 1942, the frequencies 
of all standard broadcast stations must be held to this tolerance. 

The FCC 8|)ecification8 for frequency monitors have necessarily 
changed as a result 

of the new tolerance —^----— - 

specifications and, 
to meet these new 
specifications, the 
Ceneral Radio Com¬ 
pany has designed 
a new visual-type 
frequency monitor. 

Although function¬ 
ally the same as 
previous models, 
whi(*h have had a 
greater customer ac¬ 
ceptance than any 
other make, this new 
monitor has a l>etter 

* Rule* BOTerninK Standard 
Rroadraat StatMNia. 

Fic;i'Re 1. Panel view «>f 
the broadcast fre<nieney 
monitor. 
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precision of reading, hclter acciiracv, 
and better stability. In a<lditiou. it in¬ 
cludes a niiinl>er of improvenients which 
contribute to increased ease of o|)eration 
and decreaNMi maintenance. It is de¬ 
signed for easy installation and simple, 
trouble-free o|»eration. Provision has 
l)een made for stocking a number of 
standard panel finishes, and special 
finishes to match other etpiipment can 
also be obtained. 

The complete visiial-t\| m‘ frequency 
monitor consists of (1) Type 475-C 
Fre<|uencv Monitor, with a Type 376-L 
(,)iiartz Plate and (2) Type 681-B Fre¬ 
quency Deviation Meter. 'Phe function 
of the fre(piencv monitor unit is to pro¬ 
duce an audio-frequency beat between 
a standard fre«piency oscillator and the 
transmitter. The fre*piency deviation 
meter indicates the deviation of the fre¬ 
quency of this l>eal from a standard 
lOOO-cycIe value. The pr<M*css is shown 
functionally in Figure 2. 

TYPE 47 5-B FREQUENCY 
MONITOR 

The schematic circuit tliagram of 
Figure 3 shows the several elements of 
the frequency monitor unit: a piezo¬ 
electric oscillator, a liiiffer amplifier, an 
amplifier for the transmitter voltage. 


and a detector for proflucing the audio¬ 
frequency l»eat. 

The circuit of the crystal oscillator 
has several interesting features which 
contribute t<» a high degree of frequency 
stability. 'The frequen«*y de|>ends on cir¬ 
cuit and tula* parameters tf> a far less 
degree than in most circuits. No tuning 
inductance is used, and the tuning con¬ 
densers, Cl and C 2 , have only a minor 
efTe<*t on the frequency, which de|x‘nd8 
almost completely iqmn the (piartz crys¬ 
tal. F»)r instance, a change of 25% in 
the capacitance of Ci and Co produces a 
change of only' 6 parts in one million in 
the osf’illator frequency. (Jondensers Ci 
and Co are lo<*kefl at the factory and no 
panel tuning controls are necessary. 
This oscillator circuit was developed in 
the (general Ha<lio labi>ratories and is 
used in (general Radio primary and 
secondary frequency standards for moni¬ 
toring the frequencies of ra«lio stations 
by the LJnite<l Slates and foreign govern- 
ments. 

The quartz plate. Type 376-L, is cut 
to have a low* tem|>erature coefTicient 
and is mounted in a dust-pnx>f, air-gap- 
ly|>e holder. The lem])cralure coefTi<*ienl 
is less than 2 parts |Mir million j)er degree 
(lenligrade, as is shown by the plot of 
Figure 5. 

The lemjx*rature of the plate is held 
to ±0.1 flegree Centigrade by a tem- 


FioL'RE 2. FiJiu’titinai blf>ek diagram of thr moiiiloriiig Thr frr<|iiency of the monitoring 

crystal ran be either al»ove or lielow that of the tran.^mitter, ainre reversing the leada of the 
indicating meter revente^ the direction of tlie deviation inilication. 
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Figure 3. Scliematic circuit diagram of the Type 475*C Fref|uciicy Monitor. 'I'he meter Mi in 
the dio<le circuit indicates the levels of the signals from the crystal ofudllator and the transmitter. 
Additional contacts (not shown in the diagram) on the [misIi hiittons short circuit the meter when 

neither button is deprcssird. 


perature-conlrol system, so that no 
appreciable variation in frequency with 
temperature can occur. Very little re¬ 
straint on the vibration of the plate is 
introduced by the bolder, so that the 
plate vibrates freely. The heat-control 
circuit is arranged so that the mercury 
thermostat breaks only a very small 
current, thus prolonging the life of the 
thermostat. 

The crystal amplifier reduces the load 
which would otherwise be imposed on 
the oscillator and, by isolating the oscil¬ 
lator from the load, prevents the 
coupling to the transmitter from affect¬ 
ing the amplitude and frequency of the 
oscillator. The amplifier for the trans¬ 
mitter frequency prevents any voltage 
of the crystal frequency from getting 
into the transmitter circuits and pro¬ 
ducing modulation at 1000 cycles. Looser 
coupling to the transmitter can be used, 
and the monitoring voltage can be taken 
directly from the transmitter erystdl 
control unit. F'or transmitters using low- 
level modulation, this is essential. \ 
meter on the panel furnishes a positive 
indication of correct signal level from 
the transmitter and from the crystal 
oscillator. The level from the trans¬ 
mitter is read by pressing the button 
lalieled TRANSMITTKK. When the 


reailing falls within the red range on 
the scale, the level is correct. Similarly, 
pressing the MONITOR button gives 
an indication of crystal oscillator level. 
The same red range on the scale is used. 
Means for adjusting the input to both 
amplifiers are provided behind the 
panel. 'Fhese insure correct coupling 
when the monitor is installed, prevent 
false readings due to overloading, and 
greatly facilitate maintenance, without 
unnecessarily complicating the operation. 

TYPE 681-B FREQUENCY 
DEVIATION METER 

Like the frequency monitor unit, the 
frequency deviation meter is func- 

FiGURE t. The signal-level iiiilicatnr on the 
frequency monitor unit. When the input level ia 
correct, the meter reading ia within the retJ 
(ahown black in the photograph) range on 
the scale. 




lET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800) 899-8438 • fax: (516) 334-5988 




































Figure 5. 


Schematic circuit ilia^rum of the Type 681-B Frequency Deviation Meter. *^1 he 
automatic volume control elimiiiutes the need for a manual input control. 


ttonally llie same as previous models 
(see Figure 5), but has been completely 
redesigned in those details which pro¬ 
duce greater accuracy and ease of ojjcra- 
tion. 

Owing to the requirements of a nar¬ 
rower deviation range and increased 
precision of reading, errors of indication 
have necessarily been made very small. 
This has been achieved by making the 
response more nearly linear and the 
circuits more stable, and by reducing 
harmonics of the heat frequency. The 
linearity of the frequency meter has 
been improved by using a dual sharp- 
ness-of-resonance control (marked 


Figure (>. Frequency deviations arc indicated 
on this meter, which can be read to better than 
one-half cycle. 



LINFAKITY in Figure 5) which oper¬ 
ates on both tuned circuits simulta¬ 
neously hut in opposite senses. Better 
stability is obtained through improved 
construction of the tuned circuit in¬ 
ductors and capacitors. Lower distortion 
in the amplifier tube and the inclusion 
of a low'-pass filter greatly reduce errors 
caused by waveform. 

The A-V-C system replaces the man¬ 
ual level adjustment provided on older 
models. By using a large delay voltage, 
satisfactory operation is obtained over 
the same limits formerly attainable by 
manual adjustment. Constant input 
voltage to the frequency deviation meter 
is held over a beat-frequency amplitude 
range of 0.5 volt to 8 volts. This means 
that, after the monitor has been in¬ 
stalled, such factors as changes in line 
voltage, changes in the adjustment of 
the transmitter, and aging of tubes and 
circuit elements will not affect the 
accuracy of the meter indication, and 
no corrective adjustments are re(|uire<l. 

Only two controls arc necessary, the 
mechanical and electrical zero settings. 

Both of these are screwdriver adjust¬ 
ments accessible from the panel. The 
ele<*trical zero adjustment covers a — ^ 
range of rfc 10 cycles. The indicating 
meter has a range of —30 to +30 cycles. 
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Figl'RE 5. Schematic circuit diagruin of the Type 681-B Frequency Deviation Meter. 'I he 
automatic volume control eliminates the need for a manual input control. 


ttonally the same as previous inotlels 
(see Figure 5), Itut lias been completely 
redesigned in those details which pro¬ 
duce greater accuracy and ease of opera¬ 
tion. 

Owing to the requirements of a nar¬ 
rower deviation range and increased 
precision of reading, errors of indication 
have necessarily been made very small. 
Tliis has been acliieved by making the 
response more nearly linear and the 
circuits more stable, and by reducing 
harmonics of the beat frequency. The 
linearity of the frequency meter has 
been improved by using a dual sharp- 
ness-of-resonance control (marked 


Figure 6 . Frequency deviations arc indicated 
on this meter, which can be read to lietter than 
one-half cycle. 



LINEARITY in Figure 5) which oper¬ 
ates on both tuned circuits simulta¬ 
neously but in opposite senses. Better 
stability is obtained through improved 
construction of the tuned circuit in¬ 
ductors and cajiacitors. Lower distortion 
in the amplifier tube and the inclusion 
of a low'-pass filter greatly reduce errors 
caused by waveform. 

The A-V-C system replaces the man¬ 
ual level adjustment provided on older 
models. By using a large delay voltage, 
satisfactory operation is obtained over 
the same limits formerly attainable by 
manual adjustment. Constant input 
voltage to the frequency deviation meter 
is held over a beat-frequency amplitude 
range of 0.5 volt to 8 volts. This means 
that, after the monitor has been in¬ 
stalled, such factors as changes in line 
voltage, changes in the adjustment of 
the transmitter, and aging of tubes and 
circuit elements will not affect the 
accuracy of the meter indication, and 
no corrective adjustments are required. 

Only two controls are necessary, the 
mechanical and electrical zero settings. 

Both of these are 8crew<lriver adjust¬ 
ments accessible from the panel. The 
electrical zt^ro adjustment covers a ^ 
range of dz iO cycles. The indicating 
meter has a range of —30 to -f 30 cycles. 
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MODERNIZATION OF OLDER 
MONITORS 

Uclween now and January, 1942, 
many users of the ohJer models of fre- 
quenrv monitors will wish to have them 
modified to i*onif»ly with the new rules. 
No nuMlels of the old Type 575 Fre- 
qiieniy Monitors or Type 581 Deviation 


Meters can be modernized. The Type 
681 Deviation Meters also eannot he 
brought into compliance with the new 
rule. However, a program is now Indiig 
worked out for modernizing the Type 
475 Frecpiency Monitors, and a trade-in 
allowance arrangement will he made, if 
practicable, on ohi Type 681 Deviation 
Meters turned in for new ones. Details 
of these plans will he announced later. 

— J. K. Clapp 


SPECIFICATIONS 


Frequency Range: d:30cyde6. 

ACCU racy : When rceeivrd, d ::13 partA in one 
million; an adjiintinent is pntvided to tiring the 
reading into agreement with monitoring Htation 
meaAiirementa. 

Vacuum Tubes: The following tuheti are re¬ 
quired and are supplied with the iiiAtrninent: 

1 — 6J7G 

2 — 6AC7 
I — 6R7C 
I — 5V4t; 

2—6F8(; 

I — 6V6G 
2—6II6(; 

I — VR- 105-30 

Stability: d:5 partH in one million. 


Coupling to Transmitter: The monitor 
must be coupled to the transmitter at a point 
where the carrier is unmodulatvd. Only a small 
degree of capacitive coupling is required. A 
coupling wire is ptovided in the connecting 
cable supplied witti the monitor. 

Accessories Supplied : Connecting cables, 
pilot lights, and fuses (with spares). 

Power Supply: lO.S- to 125-volt, 50- to oo- 

cycle, a-c line. 

Power Input: 175 watts with heat on. 
Mounting: Standard 19-inch relay-ruck 
pauels. 

Dimensions: Panel, (length) 19 X (height) 
22^ inches; behind panel, (length) 17)4 ^ 
(height) 22ii X (depth) 11^ inches. 

Net Weight: 95 pounds. 


_ Description _ Code If'ord _ /Vice 

VTsual-Typc Fre«|uency Monitor .| pbvor ( $5MI.OO 


Thin inalrument i* manufactitrcd anti noltl iiiitirr tbe following U. S. Patenli and Ucenac agreementa: 

1. Paicnta of the American Tcir|dinne and Telegraph Com|Nin>', iioiely for ulilbation in renearch. inveatigalitin. meaaure- 
menl. lealtng. inalrurlittn and deveittpment work in pure and applied rcienor. 

2. Paleiila and patent apfdieatlon* of Dr. G. W. Pierce pertaining to pieao<elerlric crjretala and their aaanciated circuita. 

3. Patent .No. 1.4t441S. 
i. Patent No. 1.967.184. 

5. Patent No. 2.012.497. 


ONE CYCLE PER SECOND FROM THE INVERSE 
FEEDBACK OSCILLATOR 


•IN THE RESEARCH LABORA- 

T D R Y llierc is frequently a neetl for a 
generator of frequencies well Itelow the 
15 or 20 cycles |>er second that is the 
usable low-frequency limit of most 
aiidifi-freqiicnev oscillators. 

Gamu] power output and gtXKl wave¬ 
form at these very low frecpiencie.s can 
he obtained from the Type 608-A 
Oscillator* by using an external range- 


extension unit. Extension of the oper¬ 
ating range to low ‘ frequencies is maile 
possible by the unique inverse-feedback 
circuitf used in this instrument. 

The oscillator is normally o|)eraletl 
by means of a series of push buttons, 
which provide oscillation at any one of 

*11. II. Sentt, **A LdW.Dwtnrlkin Ikarillalor.** Cmrro/ 
Katiio Bjrptvinumtf'r, Votumr XIII. No. II. April, 1939. 

t IL 11- Scoll, ”A New T>|»r of Seleclive Circuit and 
.Some Appliraliniia,” Pnwerdins* of ibr Inatituse qf Hiuiiu 
EngifMwra, Volume 26. No. 2, pp. 226-23S, February, 1938. 
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27 fm|ucncies throiiglioiit the audible 
range. The unit is also cquip|ierJ with 
jaeks, allowing o|K*ration of the rircuil 
at various other frequeneies, an<l this 
has proved to he a most advantageous 
feature since not only are other fre¬ 
quencies within the normal range avail¬ 
able, but satisfactory o|M'ration can In* 
attained at frequencies falling consider¬ 
ably outside of this normal range, pro¬ 
vided some slight sacrifice in purity of 
waveform can be tolerated. 

A g«Mid example of the usefulness of 
the oscillator at very low frequencies 
occurred recently in the (General Radio 
laboratories, during work on the design 
of a vibration meter which will have a 
(lat resfM)nse down to 2 or 3 cycles per 
second. Such res^MUisc is not diflicult to 
sei’urc in cases where only a moderate 
amount of amplification is re<{uired, but 
in this application the high degree of 
sensitivity required a high-gain multi¬ 
stage amplifier, and, obviously, some 
satisfactory means were required for 
making exact measurements of its gain- 
frequency characteristics. 

An auxiliary unit containing the neces¬ 
sary high resistances f«>r ofieratiim f»f 
the os<*illator at lower frequencies was. 
therefore, constructed and arranged to 
plug into the stamlard 'Pype 60rt- \ 
()s<'illator. 


In st'veral applications where cus¬ 
tomers have reqiiireil Hjiccial low-fre- 
(piency oscillators, attachments have 
l>een built for the Type 608-A. One of 
these is shown in Figure 1. This par¬ 
ticular itKNlel. 'I'ype 608-MK), o|K‘rates 
at 7, 8, 10, ami 15 cycles ami can In* 
attached to an\ 'Pype 608-A Oscillator 
with no changes in the unit excepting to 
cut a slot in the dust cover to allow 
passage of the cable. 

'fhe di/ri<‘ulties of accurate harimmic 
measurements at such low frecjiiencies 
have made it impractical thus far to 
determine quantitatively the actual 
harmonic content of the oscillator w ave¬ 
form when operating at such low fre¬ 
quencies. There is no reason to believe, 
however, that it should lie st'riously 
w<irse than at higher frequencies, so 
long as the .5()<M)-ohm output circuit is 
used, which dws not involve the trans¬ 
former. Certainly, for most laboratory 
uses at these frequencies the purity of 
waveform is entirely satisfactory. Fig¬ 
ure 2 shows oscillograms of the output 
of the osiMllator at several frequencies 
l>etween one and 10 cycles jier second. 

'flius far the retpiirements of cus¬ 
tomers for equipment of this type have 
been so varied that no standard designs 


F'ioi'RE 1. ShoHin^ a ranpr- 
c\trii>»ion unit to 

thr Type 608-A ()**rillalor. A 
jark plate is prt»vi(l<*<l in llir 
oM'illutor, and tin* only nn-* 
essary modilication is the hole 
in ihr cover to admit llic 
plug. 
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Fi(;i’RE 2. OscillopramH of iho output voltape of Type 608-A Oscillator at low friHpiencics. Krail* 
inp frf>m top to l)4>ttom tlic frcipirncics arc 10, 3, 2, and 1 cycle per second. These w’aveforms were 
photographed with a Type 651-A Camera. 


arc lieing carried in stock. Special range- 
extension units of this lyf)e can, how¬ 
ever, he hiiilt to order to customers’ 
s|>ccification6. I’he cost is dejiendent 
U|K)n the number of frequencies required 
and the value of the frequencies. The 


price of the unit increases as the fre¬ 
quency decreases, due to I he higher 
values of the precision resistances re¬ 
quired. Corre8|M>ndence regarding your 
particular recjuirements is invited. 

— n. II. Scott 


MISCELLANY 


• THE NEW Broadcast Frequency 
Monitor descrilied in this issue was de¬ 
signed bv J. K. Clapp, 11.11. Hollis, and 
l\ K. McElroy. 

• AN EXHIBIT of (General Radio 
apparatus will Ik* held at the Stevens 
Motel, Chicago, from February 12 to 17, 
1910. This is to be a working display of 
equipment as it is used in typical appli¬ 


cations and will include many new* in¬ 
struments. Experimenter reaclers are 
cordially invited to attend. 

• AT THE DECEMBER 15 meet¬ 
ing of the Boston Section of the Institute 
of Radio Engineers, Dr. \V. N. Tuttle 
ai\d Dr. D. B. Sinclair of the (Jeneral 
Radio Company presented a symposium 
on Twin-T Null Circuits. 
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